The recombinant truncated ORF2 (capsid) antigen derived from the Meng strain of swine hepatitis E virus (HEV) differs from that of the Sar-55 strain of human HEV by approximately 5% at the amino acid level. Serial serum samples from two chimpanzees and six rhesus monkeys experimentally infected with HEV were tested with one enzyme immunoassay (EIA) based on the Sar-55 antigen and with a second EIA based on the Meng antigen. We obtained 98% agreement ( ‫؍‬ 0.952) by direct comparison. The virtually identical results obtained with these antigens in detecting seroconversion following infection with HEV suggests that they were reacting with antibodies that detect the same or very similar epitopes of HEV. We then tested human and swine serum samples for anti-HEV in EIAs that utilized one or the other of the two ORF2 antigens and showed that these results were also virtually identical. The specimens tested included swine sera from the United States, Canada, China, Korea, and Thailand and sera from veterinarians, U.S. and non-U.S. volunteer blood donors, and U.S. and non-U.S. animal handlers. We tested 792 swine sera and obtained 93% agreement ( ‫؍‬ 0.839). We similarly tested 882 human sera and obtained 99% agreement ( ‫؍‬ 0.938). Moreover, we found virtually no difference in the levels of prevalence of anti-HEV as measured by the two tests, again suggesting that the antigens derived from human and swine HEV contain the same immunodominant epitopes.
Hepatitis E, which was previously described as epidemic waterborne hepatitis (2, 5) , is an acute, self-limiting viral disease. The etiological agent is a single-stranded positive-sense RNA virus that is not enveloped (30) . The viral RNA is approximately 7.2 kb in size and contains three partially overlapping open reading frames (ORFs) (30) . ORF1 encodes nonstructural proteins, while ORF2 encodes the capsid protein (35) and ORF3 encodes a cytoskeleton-associated phosphoprotein (42) . The virus was originally placed within the family Caliciviridae but is presently unclassified (4) .
Hepatitis E is an important public health problem in developing countries and a common cause of epidemics. The virus is transmitted primarily via the fecal-oral (20, 21, 30) , and large epidemics of hepatitis E have been linked to contaminated water and poor public health conditions (2, 20, 40) . In general, onset of symptoms occurs about 28 to 36 days postinfection (3, 36) .
Hepatitis E virus is similar to hepatitis A virus with regard to transmission, virulence, and epidemiology, although some reports attribute higher morbidity and mortality to hepatitis E in developing countries (5, 20, 22) . Thus, hepatitis E in most individuals is a mild disease, except in pregnant women (particularly in the third trimester), for whom mortality rates as high as 20% have been reported (3, 6, 16) .
Hepatitis E is endemic in parts of Asia and northern Africa, and one epidemic was reported in Mexico (7, 10, 12, 17, 22, 41, 43) . Hepatitis E has been recognized with increasing frequency in industrialized countries and other areas where infection by hepatitis E virus (HEV) was not thought to be endemic (10, 13, 33) . It has been suggested that HEV disease might be zoonotic both in regions of endemicity and in regions where HEV disease is nonendemic (8, 9, 18, 27, 29) . Rats and domestic animals such as sheep, cattle, and pigs all appear to be reservoirs of the virus, which might explain the presence of anti-HEV in people with no obvious source of contact with human strains of the virus (11, 18) .
Presently, four genotypes of HEV which infect mammals are recognized. The virus infecting swine in the United States was the first animal strain of HEV to be characterized, and it defined a new genotype, genotype 3, which differs from genotypes 1, 2, and 4 by 25.6 to 26.3%, 25.3 to 25.5%, and 23.7 to 24.7%, respectively, at the nucleotide level (39) . Subsequently, other genotype 3 HEV strains were recovered from humans in the United States (10, 33) and elsewhere (34) . Recently, Haqshenas and colleagues sequenced the ORF2 gene of a newly discovered avian HEV and found that it shared only approximately 47 to 51% homology with genotype 1 strains at the nucleotide level (15) . This virus has not been further characterized or classified.
In industrialized countries, the number of HEV infections is probably underestimated (23) . There is a genuine need for sensitive, specific, reproducible, and standardized assays to de-tect markers of HEV infection. Ghabrah et al. suggested that ORF2-based enzyme immunoassays (EIAs) performed better than ORF3-based EIAs (14) . Mast and colleagues compared 12 tests for the detection of anti-HEV (23) . The results demonstrated both the great disparity in levels of sensitivity and specificity among the different tests as well as the superior sensitivity and specificity of EIAs that used recombinant ORF2-derived capture antigens compared to those of other tests. Cloning of the genotype 3 swine HEV genome by Meng et al. and the subsequent expression of the recombinant ORF2 protein made it possible to develop an EIA for swine antibodies to genotype 3 HEV which was similar to an anti-HEV assay based on a genotype 1 strain used for detection of antibodies in humans (28, 38) .
The goal of this study was to evaluate and compare a pair of EIAs for the detection of antibodies to HEV in human and swine sera. Though we tested only swine, nonhuman primate, and human sera, these results likely apply to other species since it is reported that the ORF2 epitopes are broadly reactive across species and strains (1, 19, 24) . The assays we describe here are virtually the same but for the capture antigen each employs, namely, a truncated portion of the ORF2 gene product from a strain of swine HEV and a truncated portion from a strain of human HEV. The human strain is the genotype 1 Pakistani Sar-55 strain (7), and the swine strain is the genotype 3 U.S. Meng strain (28).
MATERIALS AND METHODS
Serum samples. Serial weekly serum samples from two chimpanzees and six rhesus monkeys experimentally infected with HEV were tested with both assays. The chimpanzees were infected with the Pakistani human strain (Sar-55), representing genotype 1, and the rhesus monkeys were infected with the Mexican human strain of HEV, representing genotype 2; the Meng swine strain, representing genotype 3 (26, 27); a U.S. human strain, representing genotype 3 (33); or a Chinese human strain, representing genotype 4 (39) .
Another sample set consisted of 792 pig sera (360 samples from the United States, 152 from Canada, 30 from China, 190 from Korea, and 60 from Thailand) and 882 human sera (230 samples from U.S. volunteer blood donors, 603 from U.S. pig handlers, 18 from Thai animal handlers, and 31 from blood bank volunteers in China) (25, 29) . Overall, specimens were obtained in areas where HEV genotypes 1, 3, and possibly 4 predominate (34). All samples were unlinked from the identity of their donors, and their use had been previously approved by the Institutional Review Board of Virginia Polytechnic Institute and State University.
Antigen preparation and purification. The putative HEV capsid protein (ORF2) was expressed from a recombinant baculovirus in insect cells (Sf9) (32, 38) . The 72-kDa full-length product was processed in the cells to yield a 63-kDa peptide, a 56-kDa peptide, and a 53-kDa peptide. The 56-kDa antigen was used in the EIA and was purified by anion exchange and gel filtration chromatography (32) . The 56-kDa products of the human and swine strains contained amino acids 112 to 607 (496 amino acids) and 112 to 602 (491 amino acids), respectively. Sequence similarity at the amino acid level for these antigens was 95.1%.
EIA for the detection of anti-HEV immunoglobulin G (IgG) in swine and humans. We used a modification of the EIA described by Tsarev et al. (38) . Polystyrene microwell plates (catalog no. 76-381-04; ICN, Costa Mesa, Calif.) were incubated with ORF2 antigen diluted in a carbonate-bicarbonate (pH 9.6) buffer for 18 h at room temperature. The antigen concentration was 0.05 g/well for the human strain and 0.03 g/well for the swine strain. The optimal concentrations of capture antigen were established by block titration using an anti-HEV-positive chimpanzee convalescent-phase serum and an anti-HEV-positive swine hyperimmune serum. The wells were washed twice in an automated plate washer with a commercially available wash solution (Kirkegaard & Perry, Gaithersburg, Md.) containing 0.02% Tween 20 in 0.002 M imidazole-buffered saline. The wells were blocked with bovine serum albumin-gelatin for 1 h at 37°C prior to freezing at Ϫ20°C in plastic bags. Immediately before use, the blocking buffer was removed and the plates were washed twice with wash buffer as described above.
Ten microliters of each test and control sample was diluted at a ratio of 1:10. The sample was further diluted at a ratio of 1:10 into an antigen-coated test plate (final test dilution, 1:100) and incubated for 30 min at 37°C. Wells were washed five times, and 100 l of horseradish peroxidase-labeled anti-IgG (Kirkegaard & Perry, Gaithersburg, Md.) was added to each well. The horseradish peroxidaselabeled secondary antibodies were species-specific anti-IgG (heavy and light chain) and were used at a concentration of 1.0 g/ml. Following a 30-min incubation at 37°C, unbound conjugate was removed by washing five times as described above. 2,2Ј-azino-di-[3-ethylbenzthiazoline sulfate (6)] (ABTS) substrate was added for color development, and absorbance (405 nm) was read after 30 min.
The cutoff for the swine antigen EIA was established for each test from internal controls and throughout this study ranged between 0.300 and 0.383, with a median of 0.330 (28) . The positive cutoff for the human Sar-55 antigen EIA was similarly established (38) and ranged between 0.300 and 0.342 in this study. Previously tested negative blood bank samples, dilution buffer, and preinoculation swine sera served as negative controls.
Statistical analysis. Calculations for determination of concordance and prevalence were carried out by using the Windows version of S-Plus software as an add-on to Microsoft Excel.
RESULTS
Development of anti-HEV in nonhuman primates as measured by both assays following infection. Serial samples from two chimpanzees experimentally infected with the Sar-55 (genotype 1) HEV strain ( Fig. 1) and six rhesus monkeys experimentally infected with the Mex-14 (genotype 2) strain, the Meng swine (genotype 3) strain, the US-2 (genotype 3) strain, or a Chinese (genotype 4) HEV strain ( VOL. 40, 2002 SWINE VERSUS Sar55 ORF EIA 4577 1 or genotype 3 strain. Agreement of these two sets of data was 98% ( ϭ 0.952). In all cases, seroconversion was detected at the appropriate time and the patterns of antibody positivity were as expected for a normal infection, thus validating each assay. Seroprevalence of anti-HEV in human serum or plasma samples as determined by both assays. Human sera or plasma from areas of HEV endemicity and nonendemicity were tested with both EIAs. The overall prevalence of anti-HEV in the human samples was virtually the same regardless of the capture antigen. Prevalence was 13% when evaluated with the human capture antigen versus 12% when evaluated with the swine capture antigen (Table 1) . Furthermore, the prevalence values for each of the subgroups were practically equal.
There was a 99% concordance ( ϭ 0.938) when data from human sera or plasma tested with the human and swine ORF2-coated capture plates were compared (Table 2) . Comparisons between data obtained from the two EIAs for non-U.S. pig handlers and blood donors each showed 100% agreement, and comparisons of results for U.S. volunteer blood donors and pig handlers yielded concordance values of 97% ( ϭ 0.894) and 99% ( ϭ 0.936), respectively. Therefore, the two antigens   FIG. 2 . Anti-HEV IgG responses of six rhesus monkeys (RH H389, RH H400, RH H402, RH H461, RH H572, and RH H597) experimentally infected with the Mexican (genotype 2) strain Mex-14 (RH H461 and RH H572), swine (genotype 3) strain Meng (RH H400), U.S. (genotype 3) strain US2 (RH H389), and Taiwan (genotype 4) strain 1380 (RH H402 and RH H597) of HEV. Anti-HEV was measured and symbols are defined as described in the legend to Fig. 1 . Seroprevalence of HEV in swine as determined by both assays. Anti-HEV prevalence in swine sera was also measured by the two EIAs. Once again, the results with the two capture antigens agreed. The EIAs based on genotype 1 and genotype 3 antigens yielded 37% and 35% prevalence, respectively (Table 3).
As seen in Table 4 , comparison of test results for swine sera yielded a concordance value of 93% ( ϭ 0.839). Independently, the subgroups that made up the swine serum set yielded concordance values of 96% ( ϭ 0.882) for the United States, 86% ( ϭ 0.714) for Canada, 91% ( ϭ 0.811) for Korea, 92% ( ϭ 0.834) for Thailand, and 93% ( ϭ 0.714) for China. These data demonstrate the comparable ability of each of the capture antigens to identify anti-HEV in swine serum.
DISCUSSION
The almost identical seroconversion profiles obtained with the two EIAs when used to test sera from the experimentally infected nonhuman primates indicated that (i) each assay could reliably discriminate between the absence and presence of anti-HEV and (ii) each antigen reacted with similar levels of sensitivity with antibodies to different genotypes (genotypes 1, 2, 3, and 4). Since the capture antigens were from genotype 1 and genotype 3 strains, the data suggested that both EIAs were effective for assaying antibodies against viruses representing all four of the recognized genotypes.
EIAs are practical, low-cost diagnostic tools to assess markers of infection that lend themselves naturally to seroepidemiological studies. EIAs are particularly useful methods for tracking HEV infections. Several other methods for documentation of HEV infection are available in the form of Western blot assays, PCR protocols, and immune electron microscopy (31, 37) , but each of these methods is more cumbersome or less sensitive than EIAs.
EIAs are very sensitive; the best assays are specific, but questions continue to be asked about the high prevalence of antibodies to HEV that are detected by some of the EIAs and whether one antigen is equally able to detect antibodies against different HEVs. Mast et al. convincingly demonstrated that recombinant ORF2-derived capture antigen EIAs could detect anti-HEV in human and chimpanzee sera, and Meng et al. showed the same for swine sera (23, 28) .
To address these questions in more depth, we prepared an ORF2 antigen from swine HEV and compared its ability to detect antibody with that of our standard antigen derived from a human strain. We then tested the ability of these EIAs to detect seroconversion following experimental infection of primates with HEVs representing all four genotypes and strains isolated from humans and swine.
The results of the EIAs showed that the antigens were interchangeable with respect to their ability to detect anti-HEV. Therefore, each of these antigens must share important epitopes with the others and it is likely we need only one diagnostic antigen and, by inference, probably only one vaccine to neutralize effectively any genotype of HEV. 
